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Abstract: This paper aims to extend the concept of Neutrosophic Hypersoft Matrix (NHSM) theory. 
NHSM is the matrix representation of a Neutrosophic Hypersoft Set (NHSS), where NHSS is the 
combination of a Neutrosophic set and a Hypersoft set. An NHSS can be stored in computer memory 
using the matrix notion, which is very useful and applicable. Based on NHSM, we provide some 
new notions (operations) such as NHS-sub-matrix, Equal NHSM, Null NHSM, Universal NHSM, 
Complement NHSM, NH-choice matrix (NHCM), product of NHCM and combined NHCM along 
with examples and characterizations. Additionally, we develop an NHSM algorithm using a value 
matrix, grace matrix, and mean matrix to solve a decision-making problem based on NHSSs. Finally, 
the NHSM algorithm was used to select the critically suffering chronic kidney disease (CKD) patient. 


Keywords: Soft Set, Neutrosophic Soft Set, Neutrosophic Hypersoft Set, Neutrosophic Hypersoft 
Matrix, Neutrosophic Hyper-choice Matrix. 


1. Introduction 


To deal with uncertainty, Lotfi A. Zadeh [1] 1965 introduced the concept of Fuzzy logic and 
Fuzzy sets. In Fuzzy logic, it represents the degree of truth as an extension of valuation.To deal with 
imprecise and vague information K. Atanassov [2] in 1986 introduced the concept of Intuitionistic 
fuzzy sets and Intuitionistic fuzzy logic. Similarly, Pythagorean fuzzy sets,Pythagorean fuzzy 
numbers, and several other concepts and their applications in MCDM,MADM, and MAGDM were 
proposed in [3-11]. Thomason [12] expanded the idea of Fuzzy sets to Fuzzy matrices (FM) and 
talked about the convergence of powers of Fuzzy matrices.Fuzzy matrices only take into account 
membership values while solving the Decision-making problems. To deal with both membership 
and non-membership values, Pal et al. [13]transformed the well-known Fuzzy matrix into the 
Intuitionistic fuzzy matrix (IFM), whose constituent parts come from the unit interval [0; 1].The 
parameterization of the attributes is not discussed in any of the aforementioned studies. Molodtsov 
[14] 1999 generalized the concept of fuzzy set theory to soft set theory which helps to deal with 
uncertainty. Some basic properties of soft set theory were proposed by P. K. Maji et al. [15]. Later 
on, several interesting results based on soft set theory were obtained by embedding the idea of 
Fuzzyset, Intuitionistic fuzzy set, Vague set, Rough set, Interval-valued intuitionistic fuzzy set 
andso on. Also, various applications of the above-mentioned sets in decision-making problems 
were developed in [16-22]. 

Naim Cagman et.al. [23] introduced the notion of the soft matrix (SM), which isthe 
representation of soft sets and also defined products of such matrices. They also have offered a soft 
max-min decision-making algorithm to solve some problems with uncertainties. However, because 
ofthe different product order, this method does not satisfy the commutative law, as it could lead to 
two different outcomes when used to solve identical decision-making problems. Further,this 
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approach will be wholly invalid if a decision-making problem requires the perspectives of atleast 
three observers. To overcome such limitations Yong [24] et.al., introduceda Fuzzy soft matrix (FSM). 
Further, to deal with both membership and non-membership valuesin a parametric manner, 
Rajarajeswari et al. [25] proposed the Intuitionistic fuzzy soft matrix(IFSM). This idea handles the 
uncertain object more accurately with their parametrization and ensures that the sum of 
membership degrees and non-membership degrees does not exceed 1. Abhishek [26] et.al., 
proposed the idea of the Pythagorean fuzzy soft matrix (PFSM) that altered the condition MV + 
NMV <1toMV2+NMV2 <1. 

F. Smarandache [27] 1998 introduced the concept of Neutrosophic sets and Neutrosophic logic 
with indeterminate data. Neutrosophic soft sets were introduced by Maji in [28]. Healso gave an 
application on Neutrosophic soft sets in decision-making problems. The conceptof Generalized 
Neutrosophic soft set theory was proposed by Said Broumi [29]. Similarly, several concepts based 
on Neutrosophic Soft set theory have emerged in recent days. Lateron, in 2015 Irfan Deli et al. [30] 
introduced the concept of Neutrosophic soft matrix (NSM)and their operators which are more 
functional to make theoretical studies in the Neutrosophic soft set theory. Also, Tanushree Mitra 
Basa et al. [31] in 2015 developed the Neutrosophic soft matrix theory by defining various 
operations on them. In 2017 Tuhin Bera [32] et.al.,further extended the concept of Neutrosophic soft 
matrix theory and presented an applicationin decision making. Following this, Sujit Das [33] et.al., 
gave an application in group decision-making. Similarly, Jayasudha et.al. [34] gave an application 
of neutrosophic soft matrices in decision-making.Smarandache [35] introduced Hypersoft sets 
which deal with multi-attribute functions. Following this, Ihsan et al. [36] explored the concept of 
Hypersoft expert sets along with an applicationin decision-making for the recruitment process. 
Further, Muhammad Saglainet al. [37] developed a new concept called the Neutrosophic Hypersoft 
set and also studied some operations on it. Rana Muhammad Zulqarnain et al. [38] developed the 
generalized version of aggregate operators on Neutrosophic Hypersoft sets. In 2021 Abdul Samad 
[39] et.al., devised a methodthat is an extension of the TOPSIS technique using Neutrosophic 
hypersoft sets based on correlation coefficient to determine the effectiveness of hand sanitizer to 
reduce COVID-19 effects.Further, a Neutrosophic hypersoft expert set was introduced by Ihsan et 
al.[40]. Ihsanet al. [41] developed Single valued neutrosophic hypersoft expert set and gave an 
applicationin decision-making. In 2022, J. Jayasudha et al. [42] developed a new concept called 
Interval-valued Neutrosophic Hypersoft Expert set and developed some new notions. The same 
authorsin [43] introduced the concept of Interval-valued Neutrosophic Hypersoft Topological 
Spacesand established some notions, properties, and results, with examples. To reduce the 
complicated framework of Neutrosophic Hyper-soft sets, Rana Muhammad Zulqarnainet et al. 
[44]developed the concept of Neutrosophic Hypersoft Matrices (NHSM) and provided certain basic 
operators and operations on them. Further, certain new notions, operations, and properties of 
Neutrosophic Hypersoft Matrices (NHSM) have been explored by Naveed Jafaret et al. [45]. 
Neutrosophic soft matrices parametrically evaluate the attributes chosen whereas the Neutrosophic 
hypersoft matrix can parametrically evaluate the sub-attributes of the attributes chosen. 

The present study aims to extend the concept of NHSM theory developing some basic notions 
and operations along with their properties. The organization of our manuscript is as follows: 

In Section 2 we recall some fundamental definitions which would further be helpful to extend 
the NHSM theory. In Sections 3 and 4, we develop the NHSM theory by defining basic notions of 
classical matrix theory in NHSM has been discussed with examples. Also, NHCM, combined 
NHCM, and some properties of NHSM have been examined. In Section 5, an efficient methodology 
for evaluating NHSMs has been developed based on certain new notions such as value matrix, grace 
matrix, mean matrix, and total mean matrix, using which we solve NHSS-based decision-making 
problems. 


2. Preliminaries 
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This section provides some basic notions of soft set theory which would be helpful to read this 
paper. Throughout this paper,the Neutrosophic Hypersoft Matrix is represented by NHSM. 


Definition 2.1. [14]Let U be an initial universal set and E be a set of parameters. Let P(U) denote the 
power set of U. Consider a nonempty set BCE. A pair (G, B) is called a soft set of U, where G is a 
mapping given by G: B —P(U). A soft set over U is a parameterized family of subsets of the universe 
U. For € € B, G(e) may be considered as the set of e-approximate elements of the soft set (G, B). 


Definition 2.2.[46]A neutrosophic set B on the universal set Y is attributed to three individualistic 
degrees namely, truth-membership degree (n), indeterminacy-membership degree ( v )and 
falsity-membership degree (p), which is defined as; 

B= {< y, ng O), Ue), es) >:y EY}, 

where 7g, Ug, Qg: Y —>T0,1Ħ[ and 0< ng(y)+ ugly) + ogy) <3. 
Definition 2.3. [47]A neutrosophic soft set g over Y is a neutrosophic set valued function from E 
to N(Y). It can be written as g= ((emgco O) vs) 0), egi) 0) >: ye Y}):e € E} where, 
N(Y)denotes all neutrosophic sets over Y. 


Definition 2.4. [37]Let ë be the universal set and P(Z).be the power set of £. Consider 5,12, D, ... |" 
for n = 1,be n well-defined attributes, whose corresponding attribute values are respectively the 
set L5, L?, L,..,1” with L n D = 9, for i + jand i,j € {1,2,3,...,n}, then the pair (G, Lt x I^ x 
I? ...L") is said to be Hypersoft set over & where 

G:l x I2 x D In > P(é) 


Definition 2.5. [37]Let € be the universal set and P(é).be the power set of £. Consider 
D,0,D,...,l* for n 2 1, be n well-defined attributes, whose corresponding attribute values are 
respectively the set L!, I?, L3,...,L" with L' n LÍ = Ø, for i #j and i,j € {1,2,3,...,n} and their 
relation L! x I? x I? ...L" = S, then the pair (G,S) is said to be Neutrosophic Hypersoft set over & 
where G:L x I? xL ...L" > P(E) and G(J x P xL ...L") = {< x,n(G(S)),v(G(S)), p(G(S)) > 
,x € &} where 77 is the truth-membership value, v is the indeterminacy-membership value and ¢ is the 
falsity-membership value such that n,v,g+: & > [0,1] also 0 € n(G(S)) + v(G(S)) + e(G(S)) x 3. 


Definition 2.6. [44] Let U = {u',u?,...,u%} and (U) be the universal set and power set of the 
universal set, respectively, and also consider L;,L;,..,Lg for f 2 1,8 well-defined attributes, 
whose corresponding attribute values are, respectively, the set L{,L},...,L% and their relation L{ x 
I} x ..x L5, where a,b,c,..,z =1,2,..,B, then the pair (G,L? x L} x...x L%)is said to be 
neutrosophic hypersoft set over U, where G: L¢ x I5 x ...x Lg  P(U), and itis defined as 

G(Lg x 13 x x L5) = {un (u), viu), e;(u:u e U,i e LẸ x 1} x..x L5). 
Let R; = L4 x LIB x X Lp be the relation, and its characteristic function is 

Xp, = L X L} X x Lg 2 P(U); 

It is defined as Xp, = {u,ni(u), vi (u), piu): u EU,i € I} x IB hack L5) and can be a 
representation of R; as given in Table 1. 


Table 1. Tabular representation of the characteristic function. 


U OLE | Lz | e | Lg 

ut Xp, (ut, L2) Xp, (ut, L2) ae Xp, (ut, L5 2) 
u? Xp, ce 12) Xp, Er n ES Xr, or L5) 
u“ Xp,(u%, L2) Xp,(u%, LE) - X fus.) 
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If Mi; = Xp,(u', Lj), where i = 1,2,3,..,a,j = 1,2,3, ., B, k = a, b, c, ..,z, then the matrix is 
defined as: 
us ue d 
Ml? PD, 2 
Ma May Mag 
WhereM;; — (niu v Cu), Pye Quo) ti €U,Lj € I$ x Ib x .x 15) = (nig Vijio 91x )- 


Thus, we can represent any neutrosophic hypersoft set in terms of the neutrosophic hypersoft 
matrix (NHSM), and it means that they are interchangeable. 


Definition 2.7. [44]Let 0 = [0;;] be the square NHSM of order ç x c, where Oj; = (nfi, Vio Pr) 
then O° is said to be the transpose of square NHSM if rows and columns of O are interchanged. It is 
denoted as 


ot = [0i]! = (nf, Ub ite a = (nki Vki Pki) = [0;]. 


Definition 2.8. [44]Let 0 = [0;;] and M= [m;;] be two NHSMs of order ç x v, where Oj; 
(nj, vto 91, )and. Mij = (nij Vir 915). Then, their union is defined as follows: 


D o M D (vij + vij) fa) ; o M 
O U M = D, wherenijk = max(£. nik) VB S=; (/ 9 ijk = min(9, Phr). 


Definition 2.9. [44]Let O =[0,;| and M = [mij] be two NHSMs of order ç x v, where 0;; = 
(nj, vto 91, )and. Mij = (nij Vik Pik). Then, their intersection is defined as follows: 
0 M 
; (vf + vite) 

0 N M =D,wheren?, = min(nĝ r nik) Uk = EE E Eun = max(of,, oy). 
Operations of NHSM [45] Let M = [m;;] = (nP vi 91) and N = [nj] = (rfj, vij Phr) be two 
NHSMs of order ¢ x v. Then, 

e Arithmetic meanM (9 N = O, 


m n m n m n 
Nirt Nik Vit Vik Qiik* Pik a 
oO — uy uy o — Uu uy 0o — Uy uy 
where Nijk = 5 Vijk = 7o  Pijk = 7 4 — ,Vi,j,k. 
e Weighted Arithmetic meanM (9" N = 0, 
m n m n m n 
W1nijkt W2nijk WiUijy t W2Ui jk W41Qijk* W2Pijk i. 
e E, J J Q0: — J J oO .. J J 
where Nir = —— pe ak eos LJ Kand- w, w > 0. 
W4TW2 W4tW2 W4TW2 


e Geometric meanM © N = O, 
[6] E m n oO — m n oO ES m n D v 
where Tjj = [Pie Te Vo 2 | iji: Vij Qijk — | PU Pi V Lj, k. 


e Weighted Geometric meanM ©” N = 0, 
where 


"jk = (Wy + w2) | (ron Gri) "2, vt = (Wi + w2) [Gron (Vik) qr = (Wi + 


wa) [oto eoo bk and w4,w; > 0. 


e Harmonic meanM [] N = O, 


where 
m n m n m n 
go, = 2Nijknijk |o _ 2MijkYijk o .. *PijkPijk vijk 
ijk ~ „m n “ijk — 3m n ? ijk ^ 7m n ? ye 
f nijet Mije Y Vijkt Vijk n 9ijk* 9ijk 
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e Weighted Harmonic meanM [:]" N = O, 


where 
o — W41tW2 o = W4tW2 [^] = W4tW2 n" 
Tlijk = Wi W2 s Uijk = Wig Wa / Dijk = Wi- W2 Wik and W1, W2 > 0. 
J U U U U U 


Definition 2.10. [44] Let B= [bi]... , be a Neutrosophic hypersoft matrix where bj; — 


(nf, Up Pik): If an indeterminacy membership degree (v)lies in favor of falsity-membership 
degree (p)then the Value matrix of the matrix of the matrix B which is symbolized by V(B) and is 
defined as V(B) = [vi], where vj - nr = (v? + Qi) Y i j,k. 


3. Neutrosophic Hypersoft Matrix 


This section provides the concept of Complement NHSM, Universal NHSM, Null NHSM and 
Equal NHSM. 


Example 3.1. Let Y be the collection of Laptop's appeared within the Laptop showroom: 
Y = {L, = HP Chromebook 11a — na0006MU, L, = Realme Book Slim, L4 = 
Acer Aspire 5 A515 — 54G, L4, = HP 15s — gr0012AU}. 


The decision-maker offers his conclusion around the choice procedure of the alternatives such 
as; J, = Inches, l, = Processor, l = Memory, l4 = SSD. Moreover, the above-mentioned attributes 
have advanced bifurcation and can be classified as follows: 1% = {11.6,14,15.6}, 13 = 
{MediaTek Octa — core, Intel Core i5, AMD Dual Core}, 15 = {4GB, 8GB}, l2 = {64GB,512GB, 256GB} 


Let the function be Z : I? x J2 x 1$ x Jf  P(Y). Neutrosophic hypersoft set is defined as; 
Z : (44 x 2 x 15 x10 > P(Y). 


Let us assume Z (J? x 1b x I$ x 17) = Z(14, Intel Core i5,8GB, 512GB) = (L;,L4). Then, the 
neutrosophic hypersoft set of the above-expected connection is; 
Z (J£ x IB x J$ x 12) = Z(14, Intel Core i5, 8GB, 512GB) 
| (Lp, (0.6,0.3, 0.5}, (0.4, 0.5, 0.2), (0.5, 0.7, 0.6}, (0.2, 0.3, 0.7} 
z te (0.3, 0.6, 0.5}, (0.2, 0.1, 0.3}, (0.4, 0.7, 0.1), (0.7, 0.3, 855 
Further, it can be represented in matrix form as: 
(0.6,0.3,0.5) (0.4,0.5,0.2) (0.5,0.7,0.6) (0.2,0.3,0.7) 


Ilo = (002 06,05) (0.2,0.1,0.3) (0.4, 0.7,0.1) Nee) 


Definition 3.2. Let Z — [z;;] and Q= lay] be two NHSMs with order c xv, where zi; = 
(nfi, vf, Pfr) and qij = (nme vie 05. )-Z is said to be the Neutrosophic Hypersoft Submatrix of Q 
if; 

"jk S Nir Vink S Vir tk = Phr 


Example 3.3. Consider the NHSM [Z].,.4 of example 3.1. 
la = (an (0.4,0.5,0.2) | (0.5,0.7,0.6) d) 
2x4 7 1(0.3,0.6,0.5) (0.2,0.1,0.3) (0.4,0.7,0.1) (0.7,0.3,0.5) 


Presently consider another NHSM [Q] related with the Neutrosophic hypersoft set Q : (1? x 15 x 
Ig x Jf) > P(Y) over the same universe and attributes as in Example 3.1. 

Q (J2 x JB x IS x J4) = Q(14, Intel Core i5,8GB, 512GB) 

(L>, (0.8, 0.5, 0.5), (0.7, 0.6, 0.1}, (0.6, 0.8, 0.5), (0.6, 0.4, 0.5) 

te (0.5, 0.8, 0.1), (0.8, 0.3, 0.2}, (0.5, 0.8, 0.1}, (0.8, 0.8, oan) 
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Hence the NHSM [Q] is written as, 
[Qloxe = (eae (0.7,0.6,0.1) (0.6, 0.8, 0.5) 
2x4 ~~ \(0.5,0.8,0.1) (0.8, 0.3,0.2) (0.5,0.8,0.1) (0.8, 0.8, 0.4) 


Therefore, we can observe that the membership value of L} for 8GB in both sets is (0.5, 0.7, 0.6) 
and (0.6, 0.8,0.5) which satisfies the definition of Neutrosophic Hypersoft Submatrix as 0.5 < 
0.6,0.7 « 0.8,0.6 > 0.5. This shows that (0.5, 0.7, 0.6) € (0.6,0.8,0.5) and the same was the case 
with the rest of the attributes of NHSM [Z] and NHSM [Q]. 


Definition 3.4. Let Z = [zi] and Q= CA be two NHSMs with order ¢ xv, where Zij = 
(nf Vine Pfr) and qi; = (nio Vir Piir) Z is said to be the Equal NHSM of Q if; 


Zi. 234 Z — 449 Z —, 4 
Nijk = Nije Vijk = Vije Pijk = ij: 


Example 3.5. Consider the NHSM [Z];.4 of Example 3.1. 
Zhe = io (0.4,0.5,0.2) (0.5, 0.7, 0.6) o uni 
2x4 ^1(0.3,0.6,0.5) (0.2,0.1,0.3) (0.4,0.7,0.1) (0.7,0.3,0.5) 


Presently consider another NHSM [Q] related with the Neutrosophic hypersoft set Q : (1? x 15 x 
J$ x Jf) > P(Y) over the same universe and attributes as in Example 3.1. 
Q (It x 18 x IS x 12) = Q(14, Intel Core i5,8GB, 512GB) 
(Lo, (0.6, 0.3, 0.5), (0.4, 0.5, 0.2), (0.5, 0.7, 0.6), (0.2, 0.3, 0.7)) 
E — (0.3, 0.6, 0.5), (0.2, 0.1, 0.3), (0.4, 0.7, 0.1), (0.7, 0.3, E 


Hence the NHSM [Q] is written as, 
[0] a (0.4,0.5,0.2) (0.5, 0.7, 0.6) ee 
2x4 ~~ \(0.3,0.6,0.5) (0.2,0.1,0.3) (0.4,0.7,0.1) (0.7, 0.3, 0.5) 


Thus, we can observe that the membership value of L; for 8GB in both the matrices satisfy the 
definition of Equal NHSM as 0.5 = 0.5,0.7 = 0.7,0.6 = 0.6. This shows that (0.5,0.7,0.6) = 
(0.5, 0.7,0.6) and the same was the case with the rest of the attributes of NHSM [Z] and NHSM [Q]. 


Definition 3.6. Let Z = [z;;| be an NHSM with order c x v,where zij = (nz, vfi, fj). Then the 
Neutrosophic hypersoft matrix Z is known as the Null-NHSM if; 
Niik = 0, Vijk zu Piik zx 


Example 3.7. Consider the same universe and attributes as in Example 3.1. Then a Null-NHSM Z is 
given by; 

(0.0,1.0,1.0) (0.0,1.0,1.0) (0.0,1.0,1.0) (0.0, 1.0, 1.0) 

(0.0,1.0,1.0) (0.0,1.0,1.0) (0.0,1.0,1.0) (0.0, 1.0, 1.0) 

(0.0,1.0,1.0) (0.0,1.0,1.0) (0.0,1.0,1.0) (0.0, 1.0, 1.0) 

(0.0,1.0,1.0) (0.0,1.0,1.0) (0.0,1.0,1.0) (0.0, 1.0, 1.0) 


Definition 3.8. Let Z — BA € NHSM with order ç x v,where z;; = (nfi, Ur Pfr). The matrix Z 
is known as the Universal-NHSM in the case; 
Niik = 1, UD =0, Piik =0. 


Example 3.9. Consider the same universe and attributes as in Example 3.1. Then a Universal-NHSM 
Z is given by; 

(1.0,0.0,0.0) (1.0,0.0,0.0) (1.0,0.0,0.0) (1.0, 0.0, 0.0) 

(1.0,0.0,0.0) (1.0, 0.0, 0.0) (1.0,0.0,0.0) (1.0, 0.0, 0.0) 

(1.0,0.0,0.0) (1.0,0.0,0.0) (1.0,0.0,0.0) (1.0, 0.0, 0.0) 

(1.0,0.0,0.0) (1.0, 0.0,0.0) (1.0,0.0,0.0) (1.0, 0.0, 0.0) 


[Z]2x4 x 
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Definition 3.10. Let Z = [z;] € NHSM with order c x v,where zij = (n, vfi, Pk). Then Z = 
[zu] is said to Complement NHSM of Z = [zi;] i£ 


(nf Vind Pix)" = (Pfr Vir Nix) 


Example 3.11. Consider the NHSM [Z]2x4 of example 3.1. 
Ulo (050305 (0.4,0.5,0.2) (0.5, 0.7, 0.6) 5039 
(0.3,0.6,0.5) (0.2,0.1,0.3) (0.4,0.7,0.1) (0.7,0.3,0.5) 
Then, 
= (055506 (0.2,0.5,0.4) (0.6, 0.7, 0.5) 70302] 
(0.5,0.6,0.3) (0.3,0.1,0.2) (0.1, 0.7, 0.4) (0.5,0.3,0.7) 


4. NHCM and Some Properties of NHSM 


This section provides the concept of NHCM, combined NHCM and product of NHCM, and 
some properties of NHSM. 


431 NHCM and Combined NHCM 


Definition 4.1. NHCM is a square matrix whose rows and columns both indicate attributes. If € isa 
NHCM, where ë = GA such that £j; = (nis, iv $i.) is defined as, 

(nb sage) = (1,0.5,0), when both it and jt attributes are under the choice of the 
decision maker. 

(nij, vs ois.) = (0,0.5, 1),when atleast one of the attributes i or j is not under the choice of 


the decision maker. 


Example 4.2. Consider the same universe and attributes as in Example 3.1. If Mr. X is interested in 
buying a laptop based on the attributes (1? x 12 x 19) = (14, Intel Core i5,512GB). Then the NHCM 
of Mr. X can be represented as, 
J 

(1.0,0.5,0.0) (1.0,0.5,0.0) (0.0,0.5,1.0) (1.0, 0.5, 0.0) 

[t], =! (1.0,0.5,0.0) (1.0,0.5, 0.0) (0.0,0.5,1.0) (1.0, 0.5, 0.0) 

Ux ~-*\ (0.0,0.5,1.0) (0.0,0.5,1.0) (0.0,0.5,1.0) (0.0, 0.5, 1.0) 

(1.0,0.5,0.0) (1.0,0.5,0.0) (0.0,0.5,1.0) — (1.0,0.5,0.0) 


Definition 4.3. Combined NHCM is a square matrix whose rows indicate the choice attributes of the 
single decision maker and columns indicate the combined choice attributes of remaining 
decision-makers, i.e., acquired from the intersection of attributes sets, which is denoted by & E, 


Note 4.1. Combined NHCM is applicable only for combined opinion because the attribute values of 
each decision maker occur from the same relation of attribute values. 


Example 4.4. Consider the same universe and attributes as in Example 3.1. If Mr. X, Mr. Y, and Mr. Z 
wants to buy a Laptop based on their combined opinion of attribute relation (0? x 12 x 1$ x Jf) = 
(14, Intel Core i5,8GB, 512GB), then attributes chosen by Mr. X is (IxJ2x1)- 
(14, Intel Core i5, 512GB) c (14, Intel Core i5,8GB,512GB), the attributes chosen by Mr. Y is 
(42 x If) = (14,512GB) c (14, Intel Core i5,8GB, 512GB), and the attributes chosen by Mr. Z is 
(12 x I$ x JZ) = (14,8GB, 512GB) c (14, Intel Core i5,8GB, 512GB). Then combined NHCM of Mr. 
X, Mr. Y, and Mr. Z is, 


dinz) 
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(1.0,0.5,0.0) (0.0,0.5,1.0) (0.0,0.5,1.0)  (1.0,0.5, 0.0) 
[t] _ , | (4.0,0.5,0.0) (0.0,0.5, 1.0) (0.0,0.5,1.0) (1.0, 0.5, 0.0) 
Uloynz) X| (0.0,0.5,1.0) (0.0, 0.5, 1.0) (0.0,0.5,1.0) (0.0, 0.5, 1.0) 
(1.0,0.5,0.0) (0.0, 0.5, 1.0) (0.0,0.5, 1.0) (1.0, 0.5, 0.0) 


A also. 


(Z,YNX) 


Similarly, we can give the combined NHCM for [£5] 


ae 


Definition 4.5. Let Z = BA be NHCM and £^ = [45] be combined with NHCM, where zi; — 
(nfi, vf; Uijk, Pfr) and [ [57 Cx Use o5. ). Then Z and £^ are said to be conformable for the 


product if number of columns of NHCM is equal to the number of rows of combined NHCM. If Z — 
[zy] and £ = [55]... ,then ZG g= [ Pun ]exv; were 


C C 
= z „Š ; z $ 
Pim = (jos min CMS ,minj, max (vise Vis) ,minj, max (ofi. $5.))- 


42 Properties of NHSM 


Proposition 46. Let Z= [|z;ļ,Q = [qy] and W [wi] where zi = (ni Vin Gin), dij = 
(nz, D Pir) Wij = (nf, vij Oli) € NHSMs of order ç x v. Then, 

i). ZOQUW)=ZOQUZOW), qGuqg)ow-üow)u(ooW) 

i). ZO (QnW) (Zo Q)n(Z oW), (ZnQ)OW-(ZeoW)n(QoW) 

ili). ZO (QUuW) (ZO Q)U(ZOW), (ZuQ) OW *(ZoW)u(QQOW) 

ivy. ZOQNW)#FZOQNZOW), (GnQ)oW-*(Zow)n(QoW) 

v. ZEI(QUW) * (ZLIQ)U(ZEIW), (ZUuQ)EIW * (ZE1W)u (QE1W) 

vi. ZEI(QnW) * (ZE1Q)n(ZEIW), (Zn Q)EYW € ZEIW)n (Q E1W) 


Proof:(i) Here Z © (QUW), (Z& Q)U(Z OW) € NHSM,,,,. Then, 


Z © (Q UW) = [nfr Vie» PF) | © (ate nt) Chet vih) 3 VD, amiet) 


(vf, +0) 
E nc max(nfdiontk) vit E of jc min(od, ety) 
[( 2 , 2 ) 2 )] 
vt. vd, vZ LU 
z q z w Dk" ijk Yijk*Yijk z q z w 
"iege. Mijktijk ate p'9ijkt Vip. OLET DUK 
-naxp(— pp —s— mn[c--—-—c—— 3D] 
P DE iit VE UD 9c 9 Uk nigktNijk VijktVijk Pijkt Pik 
Se a ae I gt ae a a 


Z@QUW)=ZOQUZ OW) 


(ü)Here Z © (Q NW), (Z © Q) N (Z @W) € NHSM, x.y. Then, 


(vj e PURA D) 


Z@(QNW) = (GH vio Pit) | © malohat) 


(imogena. 


Z ; q „w Zz (vlet toe) Z q w 
__tenetmin niente) vit AG pftma( oipe) 
a oS en 


2 
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Z q z w 
"kt gk | Eje ik 


Z q Z 
: Tijk lii TketUÜik o7 ik +! jk d E ik 
dau (n An A —— —— mA ijk tij JE CUR ijk* Pij 3D] 
= Tete ijk ye Pkt A nijk+nijk VEkTUDk Piet Pik 
(Se oe AA l Gr) 


Z©RQRNW)=Z©OQ0)]NC OW) 


(üi)Here (Z U Q) © W, (Z © W) U (Q © W) € NHSM,xy. Then, 


© (Gis Viik $Ux)] 


(vie + vx) 
(ZUQOW= (Grint) A 2 EAE min (fn, Pix) 


k 
Z q w w ; z q w 
[max ULM 2 ali [min (ofc es) et 


vz, Wijk * Vijk) v" 
va + UP 
a min( [eot ot) (o ot.) 


ZOW)UQOW) 
UD + vik + Ss 
F max ( He Ni [ni miis). sin /( iik 9r) (o. 3) 


We have,(Z U Q) OW + (Z99W)u(Q oW). 


(iv)Here (ZN Q) © W,(Z © W) n (Q © W) € NHSM,xy. Then, 


EETA) 
y Ow = (intus), 27 maloga h) )| Leto] 


- : 3 q w (vi Vijk i vj.) w 
= MIN (Nije Nijr) ijk aan an viik | max io Piik : Dijk 
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(hi m y ie * vio) ie + Uk) 
ZNQ)OW= min ( Nijk: nir Nite ne) 2 z 
(vi. + vie) Te vi.) 
+ 2 (727 Qr.) (olv 95.) 


ZOW)NQOW) 


Ufy + Vik + |t. + Vite 
; | | q | | q 
=|| min ( Niir Nij Tij: nt.) , 2 ,max ( (Pfr Qr.) (ofe Z3) 


We have, (Zn Q) OW + (ZOW)N(Q OW). 


(v)Here (Z U Q) O W, (Z E1W) U (EW) € NHSM,,,. Then, 


(vi + Vir) 
ZuQg)rw- (Cain nt) 2d 2 a UE min (fe Pix) Ll [nr Vir $5x)] 


g q 
zZ d w (vjet vd) w ; Z w 


EE Z d w "(.z q dvor z q w 
max(n£j nda.) nte CEN min(ofj.d,.) toir 
2 ij 


(Zu Q) EJW = [(max (iei SENE. Siete ts E E: 
Wk + Nije Nije + Nii) (Vir + Y 

" dui V ijk 3 (m QU. 29; u j 

Vie t Ux). Pije + Pir Quy + OL 


( E1W)u(QLr1W) 
2u Vk 2U lac U fk 
q q 
E 2n Nijk 2n Nijk VD * Vijk DEDE | 20i Pik 295. QU 
libe ner RU cR nl er RET ELT w 
Nijk t ik Nije + Nijx Qi t Pijk Pijr + Pijk 


We have, (ZU Q) OW  (ZE1W) uU (Q E1W). 


(v)Here (Z nQ) E1W,(Z E1W) n (EW) € NHSM,s,. Then, 


(vijx + Vix.) 


ZnQow= (Gas n — - .nax( i) E [rtis vite Pte) | 
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z q 
(vines vijn) 


; VA q w w Z q w 
= min (nf) 2M 5 2v max( Piha) 20. 
1 Z q w ? (zZ q : Z q w 
min( nfo ie) Mijn’ (rtg t) tw max( OF fie) +P ijl 
gc tijk 


(Zn0) Hw = [onin (i Tk 2n ie | ( QUijK: Vijk 


Nije + ik ` Tk + Nik UT Vie 
q q 
2ujjy- ij : (ae the 2Pi Plr y 


q w Z we? 4 w 
Uijk T Uijk Qijk + Oijk Qi + Oijk 


(Z E1W)n(QL1W) 
4 ZULji-Vifk 2Uf cU Df T 
E | 2tfige Nik 2N iq: Nijk VET Vk DEEST 2Gtk- Qijk 295. QUk 
Nijk Nijk Nijk Nijk Qijk Pijx Qijk Qijk 


We have, (Zn Q) OW + (ZEIW) n (Q E1W). 


Proposition 4.7. Let Z — [zi]. where zi; = (nfi Vr Pfr) € NHSMs of order c x v.Then, 
i. Z@”Z=Z 
i). ZO"Z -Z 
ii) ZEI"Z =Z 


Proof: For all i,j,k and w4,w; > 0 we have, 


Zz Zz Z Z P4 Zz 
! _p/W1ijkt Wznijk Wiijgt W2Uik W1iPijkt WiQk . _ = 
i). Z e" Z -I( W4tW2 : W4tW2 ý W4tW2 )] E ntis ve 73] T 


(v. + Wy) | (ne) Qf), ws + we) [Fed om, (or + 
W2) [C9 eio = [(nfj vo P5r)] = Z. 


W4tW2 W4tW2 W4tW2 
Ww Ww Ww Ww wW wW 
1 EN 2:5 WT x 2 1 4 2 


Z Z Z Z Zz Z 
ijk "ijk ijk ijk Pijk Pijk 


i) Zo"z- 


iii). ZO” Z = = [(nfo vf Pi) = Z. 


5. An Application of NHSM in a Decision-making Problem 


Based on some of these matrix operations an efficient methodology named NHSM-algorithm 
can be developed to solve Neutrosophic hypersoft set-based decision-making problems. 


Definition 5.1. Let Z — [zu]. be a Neutrosophic hypersoft matrix where z;; = (nfi, Ufo fa). 
i. If an indeterminacy membership degree (v)lies in favor of truth-membership degree (7) 
then the Grace matrix of the matrix Zwhich is symbolized by G(Z) and is defined as 
G(Z) — [95]... where gf = (Nije + Vir) — ie Vit. 
ii). From the Grace matrix G(Z) and Value matrix V(Z), the Mean matrix M(Z) is defined as; 
V(Z)*G(Z) 
M(Z) = [mii]... ==. 
iii). The Total mean of an object (for single observer) is given by; Xj=-ı mý, Vi where mj; are 


ij 
entries in the mean matrix. 
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5.1 Properties of Mean Function 


All properties of the real matrix are satisfied by the Value matrix and Grace matrix. Hence, the 
Mean matrix which is obtained from the value matrix and grace matrix is also a real matrix. So, all 
properties of the real matrix are obeyed by the mean function. 


5.2 Methodology 


From the given ¢ number of alternatives, the decision-maker needs to select the most 
appropriate alternative based on the attributes (9) chosen. If anyone of the attributes has 
encouraged sub-attributes that outline an NHSM, then the decision-maker gives his inclination for 
each alternative conjuring to the sub-attributes of the chosen attributes in the form of NHSM. Hence, 
an NHSM of order ¢ X v is obtained, from which the value matrix and grace matrix are computed. 
Then, at that point, the mean matrix and lastly the total mean of each alternative is determined. 

The algorithm for the above approach is; 


5.3 NHSM-algorithm 


1) Input the Neutrosophic hypersoft set from the given situation based on the attributes 
chosen. 
) Using 1 construct the NHSM Z. 
) Calculate V(Z) and G(Z) from the result of 2. 
) Compute the Mean matrix M(Z). 
5) From the Mean matrix, derive the Total Mean matrix. 
) The maximum of 25-4 mi; will be the optimal solution. 
) Suppose if Total mean matrix has a maximum value for more than one alternative, then any 
one alternative can be chosen according to the decision maker. 


5.4 Application in the Medical Field 


Example 5.2. Let Y be the set of patients suffering from chronic kidney disease (CKD): 
Y = (P,, Po, P, Pa, Ps, Ps, P7, Pa, Ps, Prot 


Now, the problem of the Doctor is to identify the patient who is critically moving towards stage: 5 of 
CKD, so he offers his conclusion around the choice procedure of the alternatives such as; 
| = (44, = Creatinine level, 1, = Kidney function, |; = GFR rate per 1.73m?, |, 
= Dialysis or kidney transplant}. 


Moreover, the above-mentioned attributes have advanced bifurcation and can be classified as 
follows: 

If = (Low, Normal, High}, 18 = {Normal, Mildloss, Mildtosevereloss, Severeloss, Failure}, 

1$ = {> 90 mL/min, 60 — 89 mL/min ,30 — 59 mL/min, 15 — 29 mL/min, < 15mL / min} 
J¢ = (N/A, Possiblyrequired, Required} 


Stage1 | Stage2 | Stage3A | _ Stage 3B Staged | Stage5 
GFR290 892GFR260 592GFR240 392GFR230 29>GFR>15 e 
Normal Mild loss Mild Moderately Severe loss Failure 


Let the function be 2:2? x J? x J$ x I$ > P(Y). Neutrosophic hypersoft set is defined as; 
Z:(¢x 18 x I$ x If) > P(Y). Let us assume Z (J? x) x x Jf) = Z(High, Severe loss, 15 — 
29mL/min,Required) is the actual requirement of the Doctor. On this basis, four patients are 
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shortlisted P,,P2,Ps,P, according to the  above-defined relation (High, Severe loss, 15 — 
29 mL/min, Required). 
The doctor gives his opinion for each alternative in the form of a Neutrosophic hypersoft set as 
follows; 
Z = Z(High, Severe loss, 15 — 29 mL/min , Required). 
(P,  {0.6, 0.4, 0.2}, (0.1, 0.8, 0.2}, (0.2, 0.1, 0.8), (0.3, 0.8, 0.2}) 
(Pa,  {0.4, 0.8, 0.1}, (0.5, 0.3, 0.8}, (0.5, 0.1, 0.4), (0.7, 0.5, 0.3}) 
(Pj  {0.3, 0.5, 0.7}, {0.7, 0.2, 0.5}, (0.5, 0.6, 0.7), (0.8, 0.1, 0.2}) 
(P,  {0.8, 0.1, 0.3}, (0.8, 0.1, 0.1}, (0.2, 0.5, 0.8}, (0.6, 0.5, 0.4}) 


The Neutrosophic hypersoft matrix derived from the above Neutrosophic hypersoft set is, 
(0.6,0.4,0.2) (0.1,0.8,0.2) (0.2,0.1,0.8) (0.3, 0.8, 0.2) 
(0.4,0.8,0.1) (0.5,0.3,0.8) (0.5,0.1,0.4) (0.7, 0.5, 0.3) 
(0.3,0.5,0.7) (0.7,0.2,0.5) (0.5, 0.6,0.7) (0.8, 0.1, 0.2) 
(0.8,0.1,0.3) (0.8,0.1,0.1) (0.2,0.5,0.8) (0.6, 0.5, 0.4) 


Z= 


The Value matrix V (Z) = [va] = [nők = (vf, t Pix) | is, 
0.0 —09 —0.7 —0.7 
.[-05 -0.6 000 —0.1 
Ve —0.9 00.0 —0.8 00.5 
00.4 00.6 —11 -—0.3 


The Grace matrix G(Z) = [95] = [nők + vf) — fa] is, 
0.8 0.7 —0.5 0.9 

[1.31 00 00.2 0.9 

GZ) = 0.1 0.4 00.4 0.7 

0.6 0.8 —01 0.7 


VOD EGUD s 


The Mean matrix M(Z) = > 


y 


00.4 —0.1 —0.6 0.1 


.[003 -—0.3 00.1 0.4 
Mid) —0.4 00.2 —0.2 0.6 


005 00.7 —0.6 0.2 


The Total mean matrix M(Z) = Yj_, mij; is, 
—0.2 
_ {| 00.5 
M(2) = 00.2 
00.8 


From the above Total mean matrix, the maximum mean value is, max, sisa {m4} = P, = 0.8. 
Therefore, according to the NHSMalgorithm, patient P is in critical condition moving towards 
stage: 5 of CKD. 


Number of patients suffering from CKD - 10 
y 
Patients shortlisted based on attributes chosen - 4 
y 
According to NHSM-algorithm patient P6 is critically suffering from CKD. 


6. Discussion 


It may be inferred from the current investigation that the findings obtained by the suggested 
methodology are more flexible when compared to the available approaches. The fundamental 
advantage of the suggested method is that it includes more information and addresses data 
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uncertainty by taking into account the membership, non-membership, and indeterminacy of 
sub-attributes. It is also a helpful tool for the decision-making process when dealing with faulty and 
imprecise data. In all the existing matrix theories except the Neutrosophic hypersoft matrix the 
motivation for the score value assigned to one parameter will not impact the other values. This 
results in more information loss. On the contrary, the suggested technique does not result in any 
significant information loss. The advantage of the proposed approach over existing NS-matrix 
methods is that it not only detects the level of discrimination but also the level of similarity between 
Observations, preventing choices from being made for unfavorable reasons. As a result, it is also an 
appropriate technique for drawing the right conclusions in Decision-making problems even though 
the information is uncertain. However, the present methodology cannot deal with the situation 
when the decisions are provided in Interval form. Hence for such situations, Interval-valued 
Neutrosophic hypersoft sets and Interval-valued Neutrosophic hypersoft expert sets [42] were 
developed to deal with such situations. 


7. Conclusion 


In this paper, a few definitions based on NHSM and NHCM have been characterized, Product 
of NHCM and combined NHCM have been examined with examples. Additionally, an application 
of NHSM in decision-making is proposed based on a value matrix, grace matrix, and mean matrix. 
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